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Project Summary

The ovedl god of this project is the devdopment of a smple and rgpid method for
determining hisamine in processed and fresh seafood products. The agpproach involves the
utilizetion of an enzyme, an diamine oxidase, which will act on the higamine to rdesse a
product, hydrogen peroxide. The peroxide can then be detected with a second enzyme,
peroxidase, which converts a colorless dye subdtrate to a readily observable and quantifigble
color. The specific objectives of the proposa are restated below:

I) The bass of the dipgtick is the recognition of hisamine by a diamine oxidase. The dipstick
will be reformulated with recombinant human kidney diamine oxidase subgtituted for the
purified pig kidney diamine oxidase used previoudy. Two new dyes will adso be tested as part of
the reformulated dipstick.

[I) This second generation dipstick will then be tested with hisamine standard solutions and with
a series of decomposed tuna steeks. Results will be compared to those obtained using the
standard AOAC test for histamine.

[I1) The laboratory of the PI will coordinate a limited AOAC Peer-Reviewed Method Vaidation
tria with two FDA seafood inspection laboratories.

Project Management

Dr. Robert Bateman served as Pl on the project and directed al associated personnd. Graduate
dudent Rachell Booth peformed most of the molecular cloning and expresson experiments.
Undergraduates Eric Williams, Christine Thomas, Candice Harper, Thad Sharp, and David
Brown participated in smdler aspects of the project. Williams and Harper participated in the
initid cloning experiements, while Sharp and Brown assisted in maintenance of the cdll culture.



Summary of Project Results

We identified an amino termind protein sequence from the pig kidney diamine oxidase and

very smilar cDNA sequences from rat and human sources. From a consensus sequence

derived from these sources oligonucleotide PCR primers were designed to amplify the entire

cDNA sequence. Repeated attempts to amplify the entire coding sequence from cDNA made

from mRNA from pig kidney and mouse kidney tissues were unsuccessful.

Human DAO cDNA was obtained from Dr. Hubert Schwelberger of the Universtaetsklinik
fuer Chirurgie in Innsbruck, Audtria and incorporated into two different insect (Drosophild)
expresson vectors, one inducible and one conditutive.

DAO expresson vectors were stably transformed into a Drosophila cdl line usng the DES
system from Invitrogen.

A copper-inducible secreting expresson vector containing the cDNA for a control protein
(human pituitary glutaminyl cyclase) was likewise sably transformed into a Drosophila cell
ling, producing high leves of acontrol protein in our [aboratory.

Three different assays (liquid enzyme assay, solid phase enzyme assay, quinone recycling
assay) were used in an attempt to detect the presence of active diamine oxidase in the media
of the cdl culture. Only the quinone recycling assay suggested active enzyme, dbeit a low
levels

Attempts to maximize induction of diamine oxidase by varying the concentrations of copper
aulfate and induction times again yielded a response with the quinone cofactor assay, but not
with the enzyme activity assay.

We have purified pig kidney DAO by our previous published protocol and reformulated the
gick with a new dye and gabilizer. The stick had a pH optimum for hisamine of 7.0 and was
sengtive to higamine in buffer samples down to 0.03 mM concentretion. This was dightly
lower than our previous histamine dipsticks, but would ill require a larger than available
amount of pig kidney diamine oxidase to be commercidly vigble.

Evaduation

Project goas were not achieved because of the lack of an abundant source of active enzyme.
There are severd possible reasons that we were unable to successfully express the mammdian
diamine oxidase. The most probable one, in my opinion, isthat the clone given us by
Schwelberger was defective in some way. Another likely causeis smply that my laboratory
personnel were not experienced enough at molecular biology techniques to tackle a difficult
problem such as this onein which alarge, multimeric protein is expressed in a heterologous
system. Additiondly, problems of stability of diamine oxidases with various cations have
recently been published. The report states that freezing of pig kidney diamine oxidase in the
presence of Nat+ or Li+ surprisingly resulted in complete and irreversible inactivation. (Eur J
Biochem 2001 Sep;268(17):4686-97) Although we usudly use potassium-containing buffersin
working with diamine oxidasg, it is quite possble that sodium-containing buffers were used
occasonally without the knowledge that they destabilized the enzyme.

Findly, it is both interesing and frudrating to us that a recent paper by Dooley and coworkers at
Montana State Universty describes exactly what we were trying to do. The firs two lines of



their abdtract are say it dl. "Human kidney diamine oxidase has been overexpressed as a secreted
enzyme under the control of a metdlothionen promoter in Drosophila S2 cdl culture. This
represents the first heterologous overexpresson and purification of a cadyticdly active,
recombinant mammalian copper-containing amine oxidase” (J Biol Inorg Chem 2002
Jun;7(6):565-79) Dooley is a crystdlographer who is well known for his work with bacterid
amine oxidases. He did not respond to my request for reprints or enzyme samples.

One spinoff of this diamine dipstick work has been to use the dipgticks, which were origindly
designed for measuring diamines in seefood, to messure diamines in urine. Proliferating cdls,
such as those found in cancers, spill diamines into the bloodstream and ultimately into the urine.
A repid test for measuring these diamines in urine could act as a regpid diagnogtic screen for
cancer, or even a test to monitor the efficacy of cancer thergpy and provide survelllance for
relgpse. There are obstacles to overcome with this adaptation of seafood technology to the testing
of urine, the primary one beng the acetylaion of many diamines in the liver, rendering them
ingengtive to our dipsticks. Addition of a deacetylase has proved promising in our preiminary
teds and we are currently optimizing a smple urine cleanup protocol to maximize the dipstick
response.

Recommendationsfor histaminetesting in seafood:

The current FDA levels of concern with hisamine in tuna are a the borderline of detection with
colorimetric dyes. | now believe that a dependable, sengtive fidd test for hisamine in tuna and
other sesfood will be based on more sendtive detection technology than the enzyme-based
colorimetric dipgtick in this proposa. Hisamine will not be detected with an eectronic nose
because it is nonvoldile. The most promising technology at the current time for a rapid higamine
test appears to be a hisamine eectrode (Anal. Biochem 2002 304(2):236-43; And. Bioand.
Chem 2002 372(2): 276-83; And Chem 2002 74(5):44-8; Inflamm. Res 2001 50 Suppl 2:S146-
8; Biosci Biotechnol Biochem 2000 64(9):1963-6; And Chem 2000 72(10):2211-5) rather than
HPLC or CE andyss. We have made and tested carbon paste dectrodes containing methylamine
dehydrogenase. These successfully detected histamine and other diamines, but the project was
abandoned because the electrodes were ungable to storage and had very limited reuse. The
recent publications on hisamine dectrodes cited above suggest the technology has progressed
and that a stable histamine eectrode smilar to the current glucose eectrodes may be in sight.

Robert Bateman
Principa Investigator



